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A Cluster of Escherichia coli 01 57:H7 Infections
With the Hemolytic-Uremic Syndrome and

Death in California
A Mandate for Improved Surveillance

ABIGAIL M. SHEFER, MD, and DENISE KOO, MD, Atlanta, Georgia; S. BENSON WERNER, MD, Berkeley, California;
ERIC D. MINTZ, MD; ROY BARON, MD; JOY G. WELLS, PhD; and TIMOTHY J. BARRETT, PhD, Atlanta, Georgia;

MICHELE GINSBERG, MD, San Diego, California; RAY BRYANT, PhD, and SHARON ABBOTT, PhD, Berkeley, California;
and PATRICIA M. GRIFFIN, MD, Atlanta, Georgia

In mid-January 1993, an outbreak of Escherichia coli 0157:H7 infections associated with eating
hamburger patties at a fast-food restaurant chain (chain A) was reported in Washington State. From
mid-December to mid-January, 9 cases of E coli 0157:H7-associated bloody diarrhea and the hemo-
lytic-uremic syndrome had been reported in San Diego County, California. A total of 34 persons had
bloody diarrhea, the hemolytic-uremic syndrome, or E coli 01 57:H7 organisms isolated from stool dur-
ing the period November 15, 1992, through January 31, 1993. Organisms of E coli 0157:H7 identified
from 6 persons were indistinguishable from those of the Washington outbreak strain. Illness was as-
sociated with eating at chain A restaurants in San Diego (odds ratio, 13; 95% confidence interval, 1.7,
99) and with eating regular-sized hamburgers (odds ratio, undefined; lower-limit 95% confidence in-
terval, 1.3). Improved surveillance by mandating laboratory- and physician-based reporting of cases
of E coli 0157:H7 infection and the hemolytic-uremic syndrome might have alerted health officials to
this outbreak sooner, which could have resulted in earlier investigation and the institution of measures
to prevent more cases.
(Shefer AM, Koo D, Werner SB, et al: A cluster of Escherichia coli 01 57:H7 infections with the hemolytic-uremic syndrome
and death in California-A mandate for improved surveillance. West J Med 1996; 165:15-19)

Escherichia coli 0157:H7 was first identified as a path-
ogen in 1982 during an investigation of two outbreaks

of bloody diarrhea in Michigan and Oregon.' It is now rec-

ognized as an important cause of the hemolytic-uremic
syndrome and acute renal failure.2 In prospective studies,
E coli 0157:H7 was identified from more than 85% of
children with the hemolytic-uremic syndrome whose stool
specimens were collected soon after the onset of diarrhea.3'4
A population-based study from Washington State showed
an increasing incidence of the hemolytic-uremic syndrome
from the 1970s to 1980s, suggesting that the incidence of
disease due to E coli 0157:H7 may be increasing.5

From mid-November 1992 through mid-January
1993, the San Diego County Department of Health Ser-
vices learned of nine persons with bloody diarrhea or the
hemolytic-uremic syndrome; E coli 0157:H7 was identi-

fied in stool specimens of six. Initial interviews found that
four of them had eaten at one restaurant chain (chain A),
but an equal number reported eating at another restaurant
chain (chain B). It was initially unclear whether this was
an outbreak ofE coli 0157:H7-associated illness because
most cases lacked a common food source, and because
there was no surveillance system for E coli 0157:H7 or
the hemolytic-uremic syndrome, background rates of ill-
ness were unknown. An intensive investigation was begun
only after an outbreak associated with chain A was recog-
nized in Washington State in mid-January' and it was de-
termined that meat from the implicated lots may have also
been distributed in southern California. The chain A-
associated outbreak in Washington State was subse-
quently found to be linked to specific lots of ground meat
produced on November 19, 1992.1
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ABBREVIATIONS USED IN TEXT
CDC = Centers for Disease Control and Prevention
CI = confidence interval
OR = odds ratio

Patients and Methods
Epidemiologic Investigation

We defined a case of E coli 0157:H7 infection as ill-
ness in a resident of San Diego County during the period
November 15, 1992, through January 31, 1993, with one

or more of the following: bloody diarrhea with three or

more loose stools in a 24-hour period, the hemolytic-ure-
mic syndrome with a prodrome of diarrhea, or a stool cul-
ture that grew E coli 0157:H7. We defined a secondary
case as illness meeting the case definition in any person

who reported that a household member had diarrhea in
the week before his or her onset of illness.

Case Finding
Cases were identified through self-reporting, physi-

cian referral, or laboratory notification of an E coli
0157:H7 organism. We reviewed emergency department
records at five local hospitals in the northern, central, and
southern parts of the county to identify cases during
December 1992 and January 1993. We reviewed inpatient
and clinic records at the main pediatric hospital in the
county that served as a referral center for all cases of the
hemolytic-uremic syndrome.

Laboratory Investigation
All case-patients who had not had stool specimens

screened for E coli 0157:H7 were asked to provide stool
specimens, which were plated on sorbitol-MacConkey
agar.9 Sorbitol-negative colonies were selected and
screened with 0157 antisera by tube agglutination. Iso-
lates confirmed as E coli through biochemical identifica-
tion were then screened for immobilization with antisera
to the H7 antigen. Organisms were tested for the produc-
tion of Shiga-like toxins I and II using Vero cell-culture
cytotoxicity'0 at the California State Department of Health
Services Microbial Diseases Laboratory. Cytotoxic activ-
ity was neutralized using monoclonal antibodies against
Shiga-like toxin I" and polyclonal and monoclonal anti-
bodies against Shiga-like toxin II."2 Pulsed-field gel elec-
trophoresis was performed at the Centers for Disease
Control and Prevention (CDC), Atlanta, Georgia.'3 All
case-patients were also asked to provide blood specimens,
which were assayed at the CDC for antibody titers to
E coli 0157 lipopolysaccharide by enzyme-linked immu-
nosorbent assay.'4 A positive titer was defined as 1:160 or

higher.

First Case-Control Study
To identify risk factors for illness, we conducted a

matched case-control study using the first 25 primary
case-patients identified. Controls were matched by sex,
age (age groups 1 to 4 years, 5 to 9 years, 10 to 19 years,

20 to 29 years, and 30 years and more), and residential lo-
cation (by adding successive single digits to the case-pa-
tient's telephone number). Only persons who denied
having diarrhea (3 or more loose stools in a 24-hour pe-
riod) during the outbreak period were enrolled as con-
trols. Patients and controls were interviewed by telephone
with the use of a standard questionnaire.

Second Case-Control Study
To identify food items associated with illness, we used

a standard questionnaire to compare foods eaten by case-
patients at chain A with those eaten by controls (meal
companions) who remained well. Case-patients were
matched with their own meal companions; those without
meal companions were excluded.

Third Case-Control Study
To identify a possible common source for patients

who did not eat at chain A, we conducted a third case-
control study including only those patients who were cer-
tain they had not recently eaten at chain A. Secondary
cases were excluded. Matched controls were selected as
in the first case-control study.

Investigation ofRestaurants and
Microbiologic Testing ofHamburgers

We inspected two franchise and two company-owned
chain A restaurants where case-patients had eaten. Food
preparation practices were reviewed, particularly the pro-
cedures for preparing, cooking, and serving hamburgers.
Information about grill types and models used by the 81
chain A restaurants in San Diego County were provided
by the Operational Services Department of the parent
company.

Specimens from lots of hamburger produced on
November 19, 1992, and recalled from southern Califor-
nia and Nevada chain A restaurants were tested at the
California Department of Health Services, the United
States Department of Agriculture, and the University of
Georgia. The following methods were used by the Cali-
fornia Department of Health Services. Specimens of ham-
burger meat were incubated in modified trypticase soy
broth and homogenized before passage through sterile
hydrophobic grid membrane filters, which were then
cultured on sorbitol-MacConkey agar and hemorrhagic-
colitis medium plates.'5

The x2 test used to determine matched odds ratios
(OR) and exact 95% confidence intervals (CI) was calcu-
lated with Epi-Info version 5.0 and the method of Martin
and Austin.'"
Results
Descriptive Epidemiology

In all, 34 persons had illnesses that met the case defi-
nition, 10 of whom (29%) were identified through a re-
view of emergency department records, 9 (26%) by
reports from physicians, 8 (23%) through self-referral, 6
(18%) from laboratory isolates, and 1 by referral of a
friend. Most illnesses began during the period mid-
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Figure 1.-The graph shows the week of onset of Escherichia coli
0157:H7-associated illness for 34 cases in San Diego County,
California, between November 15, 1992, and January 31, 1993.
The black bars indicate case-patients who reported eating at
chain A, the shaded bars indicate case-patients who did not re-
port eating at chain A, and the white bars indicate case-patients
who did not know if they had eaten at chain A or had secondary
transmission.

December through mid-January (Figure 1), although the
peak onset of illness was earlier for those patients who re-
ported eating at chain A.

Patients' ages ranged from 1 to 58 years (median, 10

years); 20 (59%) were female. Diarrhea lasted a median
of five days (range, 2 to 45 days); 33 patients (97%) de-
scribed their diarrhea as bloody. Of the 34 persons, 14
(41%) were admitted to a hospital, 7 of whom had the he-
molytic-uremic syndrome; one child with the syndrome
died with multisystem organ failure. One patient who re-
ported nonbloody diarrhea in a sibling in the week before
onset was classified as a secondary case.

Laboratory Investigation
Stool specimens from 31 of the 34 patients were cul-

tured. Of these, 23 were examined for E coli 0157:H7,
and 8 were positive. Of the 15 negative specimens, 13
(87%) were collected either after antibiotic use or more
than ten days after the illness began. Of these 15 patients,
12 with cultures negative for E coli 0157:H7 had cultures
negative for Salmonella, Shigella, and Campylobacter
species within three days after the onset of their illnesses.
Clostridium difficile toxin was reported in the stool of 1

of these 15 patients, but a culture for C difficile was nega-
tive; this patient had not received antibiotics, and later the
hemolytic-uremic syndrome developed. Eleven patients
did not have stool specimens examined for E coli
0157:H7. Stool cultures from eight of these were nega-
tive for Salmonella, Shigella, and Campylobacter species,
and the other three had no stool testing. All eight E coli
0157:H7 isolates produced Shiga-like toxins I and II.

Pulsed-field gel electrophoresis revealed an identical
electrophoretic pattern in six isolates, the same as that of
the Washington outbreak strain. The two other identified
organisms had patterns that differed from those of the
outbreak strain and each other. Four of the six case-pa-
tients with the outbreak strain reported eating at chain A,
and another was the secondary case-patient who had not

eaten at chain A but whose sibling had eaten there and in
whom nonbloody diarrhea developed in the week before
the case-patient's illness began. The parents of the sixth
case-patient said that their child had not eaten at chain A.
One of the patients whose strain differed from the out-
break strain had not eaten at chain A, and the other did not
remember.

Serum specimens from 9 of the 29 case-patients tested
(31%) had positive antibody titers to E coli 0157
lipopolysaccharide. Four were from persons with positive
stool cultures, and two others were from children with the
hemolytic-uremic syndrome. Five patients with the out-
break strain of E coli 0157:H7 each submitted one serum
specimen. Three of these, collected 30, 37, and 50 days
after the onset of illness, were positive; two that were col-
lected 4 and 23 days after the onset of the illness were
negative. Of the two patients with positive stool cultures
for the non-outbreak strains of E coli 0157, one had a
positive antibody titer from a specimen collected 13 days
after the illness began, and one had a negative titer from a
specimen collected 62 days after the illness began.

First Case-Control Study
Of the 25 primary case-patients, 15 (60%) reported

eating at chain A in the ten days before the illness started,
compared with 1 (4%) of 25 controls (OR, 13; CI, 1.7, 99;
P = .003). After the two cases who did not have the out-
break strain ofE coli 0157:H7 and their matched controls
were excluded, cases were still significantly more likely
to have eaten at restaurant chain A than were controls
(OR, 6.0; CI, 1.3, 38.8; P = .02). The second most fre-
quently visited fast-food restaurant (chain B) was not sig-
nificantly associated with illness. Overall, 19 (58%) of the
33 primary cases had eaten at chain A.

Second Case-Control Study
The food selected by the 12 case-patients who ate at

chain A was compared with that of 19 well meal compan-
ions. Of the 12 case-patients, 10 (83%) ate regular-sized
hamburgers compared with 8 (42%) of 19 meal compan-
ions (OR undefined; lower limit of 95% CI, 1.3; P =
.008). No other food item was associated with illness.

Third Case-Control Study
Overall, 17 (89%) of the 19 case-patients who ate at

chain A ate a regular-sized hamburger. These were com-
pared with the 15 who did not eat at chain A. The median
age was 7 years for the former group and 15 years for the
latter (P = .55). As seen in Figure 1, the peak of the onset
of illnesses was the week of December 20 for the former
and the week of January 10 for the latter. These findings
suggested that the source or mode of transmission may
have differed. We therefore looked for another common
source by doing a third matched case-control study that
included only patients who did not report eating at chain
A. Two patients were excluded: one who was a secondary
case, and one who did not remember if he had eaten at
chain A. Matched case-control analysis of reported expo-
sures did not show any significant associations (Table 1).
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A higher proportion of cases than controls reported hav-
ing eaten at any restaurant and having eaten hamburger in
the ten days before the illness began, but the 95% confi-
dence intervals included one.

Investigation ofRestaurants and
Microbiologic Testing ofHamburgers

The parent company distributed boxes of frozen pat-
ties of raw ground beef from its central distribution cen-

ter to the 81 chain A restaurants in San Diego County. Of
these 81 restaurants, 16 were named by patients. Of these
16 restaurants, 4 (25%) were franchises, and the others
were company owned; similarly, 25% of chain A restau-
rants in the county were franchises. The grill type used in
10 (62%) restaurants named by patients was the same as

that used in 53 (65%) chain A restaurants in the county.
Cooking procedures were similar at the two franchise

and two company-owned restaurants visited. At both
restaurants, regular-sized frozen hamburger patties, which
were not prethawed, were cooked during the outbreak for
one minute per side.

Investigations in Washington State linked illness to
regular-sized hamburger patties produced on November
19, 1992.68 Escherichia coli 0157:H7 cultured from
regular-sized hamburger patties recalled from southern
California and Nevada had an electrophoretic pattern that
was identical to that of organisms from six patients in San
Diego and to those of the Washington outbreak strain. The
suspect regular-sized hamburgers had been distributed to
chain A restaurants in southern California from December
7 through December 21, 1992 (Jessica Tuttle, MD, Food-
borne and Diarrheal Diseases Branch, CDC, Atlanta,
Georgia, oral communication, May 1993). A total of 697
boxes containing 278,800 suspect regular-sized patties
were distributed in southern California and Nevada; only
42 of these boxes were returned after the company's recall
order, which was issued on January 18, 1993; presumably
the patties in the other boxes had been eaten (Jessica
Tuttle, MD, CDC, oral communication, May 1993).

Discussion
The large proportion of patients in San Diego County

who were admitted to a hospital or in whom the he-

molytic-uremic syndrome developed suggests that many
cases of milder illness were not detected.2 The lack of rou-
tine surveillance for E coli 0157:H7 in California proba-
bly resulted in underrecognition of the magnitude of the
outbreak there. Restaurants in southern California used
about the same number of the questionable regular-sized
patties as those in Washington (Jessica Tuttle, MD, CDC,
oral communication, May 1993), but fewer cases were

identified. The implicated meat, however, was distributed
to about 400 chain A restaurants in southern California,
compared with only 64 in Washington State,8 and the
California restaurants were spread over a larger area.

Active case finding took place only in San Diego County,
where only 20% of the southern California chain A
restaurants that received the implicated meat are located.
Although California newspapers reported the outbreak,
health departments in California did not issue statements
recommending that persons with bloody diarrhea visit
their physicians so that stool specimens could be appro-

priately cultured, as was done in Washington. Moreover,
few laboratories in California routinely culture stools for
this pathogen, and the reporting of E coli 0157:H7 infec-
tion was not required. For example, only two of nine ma-

jor hospital laboratories surveyed in January 1993 in San
Diego County routinely cultured even bloody stools for
this organism. In contrast, bloody stools are more fre-
quently cultured for this pathogen in Washington State
(Beth Bell, MD, Washington State Department of Health,
Seattle, oral communication, May 1993), where manda-
tory reporting of E coli 0157:H7 infection was instituted
in 1987.'7

Because the peak of cases in San Diego occurred ear-

lier than the peak in Washington State,' identification and
recognition of the source of the chain A-associated ill-
nesses in San Diego might have led to measures that
could have interrupted the outbreak sooner. There are sev-

eral possible reasons why the outbreak was not detected
sooner in San Diego: E coli 0157:H7 was not reportable
in California, the rate of background infection was not
known, and hospitals were not routinely culturing for the
organism. Furthermore, interviews of the nine case-pa-

tients who were initially reported to the county health de-
partment in December did not reveal a restaurant source

that was common to most of the cases: four persons had
eaten at one restaurant chain, and four had eaten at a

different restaurant chain.
We were unable to identify other food sources of

infection for persons with illness who did not eat at
restaurant chain A. At least some of these cases most
likely represent sporadic background cases that occur

year-round but could not be documented as such because
of the lack of a surveillance system. Although a higher
proportion of case-patients than control persons ate at
restaurants and ate hamburgers, these trends were not
statistically significant. This finding may be attributable
partly to small sample size, but several sources of infec-
tion are likely. Two patients had E coli 0157:H7 strains
that differed from one another and from the outbreak
strain; other patients may also have had another source of

TABLE 1.-Third Case-Contr-ol Study: Exposures Amonon
Case-Patients Who Did Not Eat at Chain A and Their Matched CortIro!s

Coses Cotairrois
1.3, 55'S

Fx.vosIl;r({ (i. o. WELiS ' o '5

Any restaurant 12 (92) 8(62) 5.0 0.7-34.0
Hambiurger ........ 9 (69) 8(62) 2.0 0.4-1 1 .0
Restaurant chain B ... 4 (31) 5(38) 0.7 0.2-3.3
Meat purchased
instoreX ........ 8(62) 9(69) 0.7 0.1-3.9

Dav care ........... 2 (15) 3(23) 0.5 0. 1-5.3
Chicken . 9 (69) 11 (85) 0.3 0.1-2.9
Other beef ......... 4 (31) 9(69) 0.0 0.0- 1.
Turkey ............ 5(38) 4(31) 0.0 0.0-0.2
CI = coWidied".C :e
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infection or had illness due to another pathogen. The ob-
servation, however, that one patient who denied eating at
chain A had the outbreak strain suggests that other pa-
tients with no known connection to chain A could have
been part of the outbreak as well. Some cases may have
been misclassified; for example, parents who provided
food histories for their ill children may not have known
that their children had eaten at a chain A restaurant. Or
more cases may have been due to secondary spread than
the one recognized. In addition, some of the questionable
meat, besides being supplied as patties to restaurant chain
A, was distributed as ground beef to other restaurants and
to grocery stores in southern California (Jessica Tuttle,
MD, CDC, oral communication, May 1993).

The outbreak of E coli 0157:H7 infections in San
Diego County was part of the largest E coli 0157:H7 out-
break yet recorded, involving four states and causing lab-
oratory-confirmed illness in more than 500 people.7' The
magnitude of this outbreak emphasizes the potential for a
multistate outbreak when a contaminated product is
widely distributed. Improved surveillance for E coli
0157:H7 and the hemolytic-uremic syndrome is needed
so that outbreaks can be recognized and control measures
quickly implemented. We recommend that laboratories
routinely culture diarrheal stool specimens for E coli
0157:H7 using sorbitol-MacConkey medium; at a mini-
mum, this pathogen should be sought in the stools of all
persons with bloody diarrhea. The serologic test for anti-
bodies to 0157 lipopolysaccharide is still experimental,
and its sensitivity and specificity vary when used in dif-
ferent settings.'4 Of all patients identified as cases, 31% in
our study had elevated antibody titers, compared with
53% of patients in the previous study.'4 The serologic test
is done only in reference laboratories and will remain a
research tool until the pattern of the serologic response to
infection with E coli 0157:H7 is better characterized.

More outbreaks of E coli 0157:H7 have been linked
to undercooked ground beef than to any other vehicle.2
Several possible approaches may reduce the risk of illness
due to this pathogen in meat products. In response to this
outbreak, on January 28, 1993, the Food and Drug
Administration issued interim recommendations for the
cooking of all ground beef products to at least 68°C
(155°F), rather than the previously recommended internal
temperature of 60°C (140'F).'8 In addition, the Food
Safety and Inspection Service of the United States
Department of Agriculture now requires that safe food-
handling labels be placed on all packages of raw meat
products at the point of retail sale.'9

Surveillance in California for this pathogen will be
improved. Regulations have been proposed to make this
infection reportable by both laboratories and health care
professionals and to make the hemolytic-uremic syn-
drome reportable by health care professionals. To im-
prove the timely detection of future outbreaks, though,
physicians and laboratory personnel must be educated in
the appropriate indications for and methods of testing for
this organism. In addition, people who work in the food
industry must be educated to cook hamburgers according

to current recommendations, and consumers must de-
mand that hamburgers served at home or in restaurants be
cooked until no trace of pink color remains.
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